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OCCURRENCE ./• COAL, PETROLEUM, fifc^ 

d^Petroleum an J coal occur in strata oi various 
agea^ tke general series of 'wktck may be oi tke 

greatest variety oi texture aaJ liardness, and tke 
general appearance oi ^irkick may vary greatly 
in different fields, kut in every region ^^rkere tkey 
occur tkere is a sometking in common tkat is more 
or less discemakle to tke observer, but ivkick is 
very difficult to describe. I am not now referring 
to tke oil stains or coal blossom tkat are generally 
easily distinguiskable ^pirkere erosion kas cut into 
or tkrougk tke oil or coal korisons, but to tke 
series oi strata in general, extending tkousands oi 
feet akove and kelo-w tkose products. 
^Many okservers, in trying to define tkis siml-* 
larity, call it tke age oi tke strata, it apparently 
being muck younger and more crumbly tkan 
strata in tke same series many tkousands oi feet 
under it, kut tkis is not tke true solution, as dif- 
ferent oil and coal bearing strata vary greatly in 
age, as determined by tke fossils occurring in 
tkem; tkose of Pennsylvania, for instance, keing 
prokakly several times as old as tkose of CaKf or- 
nia. Tke true solution is: eack korizon of like 
products kas been subjected to a Kke approxi- 
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mate preaaure from tbe maaa oi material al>ove it, 
and to an exactly like maximum of keat at tke 
time oi its greatest subsidence; and tbat tkia keat 
was tke point oi distillation oi tkese products 
(probably several kundred decrees), seems quite 
plainv and tkat tke source oi tkis keat was tke 
presence oi enougk material above tke carbona*- 
ceous korixons to create it tkrougk tke orderly 
increase oi keat do^wnward in tke eartk^s crust, 
must become apparent as soon as tke facts in con- 
nection are generally known. 
CL Tlie classification of strata, according to tke 
amount of pressure and keat tkey -were subjected 
to, is of tke greatest importance from a mineral 
standpoint, ^vken we consider tkat most of tke 
eartk^s present land surface kas plainly kad miles 
of material eroded from akove it. Tkis feature 
must not. be lost sigkt of if we expect to form 
rational tkeories of tke present condition of any 
part of tkis grand old eartk^s suk-surface. 
CL Tke original superficial deposits above tke 
petroleum must kave keen so vast, tkat inrkere 
only kalf of tkem remain, tke petroleum must be 
kopelessly keyond our reack. Tkat tkis is so, is 
proven in many ^ways, tke most simple of wkick 
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18 tke very slow augAcntatioii of, or increase of 
tirmneBe m the strata aa you trace tbem strata*- 
grapliically downivard. It also aeems plain tkat 
Aovutumis oi feet of ^e upper portion of tke 
ori^al depoiiti couU Lave l>een little elae tkan 
loose, ineokerent masses, oaring to tlie lack of 
sufficient pressure and keat to knit tkem into 
«al>rtuitial rtrata, mxffi<Acnlh Hna to res^ tke 
^wave erosion, as tkey emerged akove tke surface 
of tke ocean. 

4L ^ ^^ foUow^ing pages I intend to skow^ tkat 
petroleum, in tke continuance of its aggregate 
occurrence, forms a definite, limited korison 
independently of tke plane of stratification; and 
I kope tkat tke reader ^will not lose sigkt of tke 
grand and enormous scale on ivkick tke series of 
deposits were originally laid do'vn, tke slow^ rate 
of increase of keat in nearly all strata, and not 
to expect to okserve a ^^made to order^\ or con*- 
tinuously regular korixon, kecause nature kas keen 
tke constructor, and ske does not ixrork along 
geometrical lines; and I kope to convince you tkat 
it occurs in a former isogeotkerm (plane of equal 
keat in tke eartk), and tkat coal, and many odier 
more or less closely related products, occur in like 




manner, also lime«tonef oi like type, and that 
many, perkap* mo«t oi our mineral, and non-min* 
eral eartk producta liave a closer relationakip to 
eacL otker, tlian lia« been suppoied. Most, ii not 
all, ol tlie metallic minerals seem to occur in liori'* 
sons independently oi tke stratification, that 
represent former isogeotberms; but tbey io not 
necessarily occur in tbeir zonea oi former fusion 
or volatilization; for instance, certain cavbonate 
iron ores of a certain type occur numerously in« 
and seem to be confined to, tbe coal boriaons. 
Tbey may be said to be of purely cbemical origin, 
but it seems tbat tbey required a certain degree 
of beat in order to enable tbeir constituents to 
combine. 

^ In pointing out tbe origin of petroleum, and 
otber carbonaceous products, I am not going to 
bring to my aid any tbeoretical conditions of an 
exceptional or miraculous nature, or conditions 
tbat migbt result from some c^tastropbe; but am 
merely pointing out ^irbat must occur under nor* 
mal conditions, sucb as -we knoinr of today. 
C To tiv9 a better uiulentaiul^ oi the aakject, 
I "Will no^w give in brief a summary of my con- 
ception of bow petroleum and kindred products 




"were concentrated m strata^ anJ tke probaUe 
source of tke carbonaceous matter from \irliick 
tKey -were rormed. 

4L All autliorities of any note now concede ^at 
most parts of tke dry eartk skow evidences of 
former subsidence and emergence during incon<- 
oeivakly long ages of time, and may, and some 
certainly kave, repeated tke process over and over 
again, and tkat some of tkese subsidences, and 
subsequent elevations, kave amounted to several 
miles vertically. Of course tkis may seem fan* 
tastic to many, but I am only appealing to tkose 
wko kave given tke matter some tkougkt and in- 
quiry. Tke best evidence tkat we can get Ib^ 
tkat tkis kuclding of tke eartk^s strata is going 
on now as actively as ever, and kas been gding on 
for a time tkat is practically infinite. 
4L ^^c see different kinds of dekris and sedi- 
ment carried continually into oceans, building 
up tke strata on tke bottom. In tkis sediment is 
a proportion of vegetable matter, composed mainly 
of finely ground up leaves, etc. Tke remains of 
tke lowest animal life migkt also in some cases, 
be sufficiently preserved to contribute, but tke 
vegetable remains -would seem to be ample. 




4L Oi cour0e, tLc pereentmge of suck remaiiu in 
any strata mitflit be «mall, but tke agtfref ate in 
miles vertical oi strata -virouU be enormous, and 
from suek deposits perbaps miles tbick, ive migbt 
expect to come tke principal part of tke carbon- 
aceous matter tkat forms our petroleum, coal, our 
massive limestones, and allied minerals. 
4L Now^, ^^e kno-w tkat downivard in tke eartk^s 
crust, tke keat increases. To tke tkoutfktless tkis 
increase of keat mi^kt seem too sloiv to be applic- 
able to our purposes,but vtre recollect tkat nature^s 
operations are conducted on a grand and tremen- 
dous scale, 

4LOf course, inrkere a succession of regular strata 
is being built on an ocean floor, tbere is a gradual 
subsidence of tke region, wkick migkt continue 
many million years, and after tke subsiding strata 
became sufficiently kot, on account of tke con- 
stantly added material above it, tke keat ivould 
drive tke distilled matter from tke leaves, -wood^ 
etc., upiKrard. Or ratker, tke resulting volatil- 
ised matter, instead of suksiding -witk tke strata^ 
"would maintain its relative distance from tke 
surface, or at least from tke bottom of tbe ocean, 
as tke constantly reinforced mass subsided, ^^skim- 




meJi* of its cai4>onaceou« matter, ipirliicli accumu- 
lated in quantity accor<ling to tke amount oi 
subiiJence, and tke riclmew in said matter. 
4LTo tkoee ygAxo have kad experience in conlun- 
ing gases under great pressures, tkere is no dif* 
liculty in conceiving tke possibility oi compounds 
oi carkon penetrating and permeating any strata 
wken at several kundred degk'ees temperature 
and tons pressure per square inck, and at tke time 
oi maximum suksidence of tke region, \irkick 
"would only occur after ages, tke varying car^ 
bon compounds -would ke left klended ^witk tke 
strata, confined to a definite, vertically limited, 
korixon, -wkick -would occur independently of 
the plane of rtratificafaon, and dur^ tke hmg 
ages of emergence and erosion, tkey -would kecome 
furtker concentrated, and more or less firmly 
fixed ky ckemical affinity in tke different forms 
in -wkick tkey are no^^r found. 



HOW PETROLEUM OCCURS in STRATA 

4L Petroleum occurs in any kind of porous strata 
tkat kappened to ke in its korixon of general oc- 
currence. Tnis konzon is al^nrays limited verti- 
cally, and in its continuance tkruout large areas 




always occurs uuiependently oi tke plane ol 
stratification. Oi course I do not mean tkat tbe 
korizon ia evenly or continuously productive in 
petroleum; but tbat tke successive or overlapping 
deposits all occur in ttis limiteil korizon; often 
ivitk very extensive unproductive ^aps between 
tke productive portions. Tke conunon practice 
oi speaking oi successive korizons, one or more 
akove otkers, is incorrect and misleading, as tkere 
cannot strictly ke more tkan one oil korizon in 
tke same locality. 

^ ^^e almost invariakly find oil in suck envi- 
ronmmts as nkovr tkat it could not possibly kave 
arrived tkere in its present liquid condition. 
Any oil prospector diat kas investigated muck 
can teatifjr to tk^. It u common to UnA pitted 
limestones of tke kardest kind ^tk tke pits full 
of oil, on tke surface, ^wkere it kas -weatkered 
for ages, wkere tke oil korizon kas keen eroded 
aivay. 

^ It is common to find oil in sandstone, and 
pekkle rock sometimes of adamantine kardness, 
altko muck of tke oil in tke newer formations, 
Kke tkat of Calif omia,Texas, and Mexico, occurs 
in sandstone so soft, tkat tke expanding gas tkat 
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occurs in connection -witk all oil, pulverizes the 
iand itrata, 00 tbat sometimes large quantities 
issue "witL tbe oil from tke wells, but most gen- 
erally tLe stata is too firm to cave* 
^ Tliose sanJy strata "were, oi course, laid 
down under water, and tbe fact tLat tkey are 
barren of -water generally, proves tLat before 
tbe oil took possession, tbey bad of course, sub- 
sided to a great deptb^ too great for water 
to occur as sucb, tbe beat or otber cbem- 
W «rtion kaving ai.««K:i.t«a tU component 
elements. 

^AVater of varying degrees of impurity some- 
times^ occur in tbe oil strata under tbe oil, but it 
seems plain tbat -wbere sucb is tbe case tbe presence 
of tbe water is tbe result of erosion, or i^ulting, 
long after tbe advent of tbe oil, and perbaps after 
tbe surface bad been cut to -witbin comparative 
nearness to tbe oil. 

4L AVbere water ba0 obtained access to deposits 
of oil tbe latter baa generally slowly percolated 
to tbe surface, or sub-surface^ in sufficient quan- 
tity to betray tbe petrolific cbaracter of tbe 
locaKty and region. If tbe oil is of denae bind, 
containing mucb aspbalt or otber basic material. 




tke residuum from iucli seepages sometimetf occurs 
in large quantities. 

^ Of course tke oil and gas, and otter fluid 
substances are under pressure in accordance ivitk 
tkeir deptk, tke discussion as to tke cause of tke 
pressure is witkout point. It 'virould ke a mira'- 
de if tkey were not under pressure until tke 
pressure is removed ky artificial means. 
41. Tke actual pressure in a virgin oil ^^sand** or 
deposit is alw^asTB in accordance ivitk its deptk 
keloTKT tke surface, and is prokakly alwasrs kelovir 
tke pressure exerted ky a column of 'water from 
tke surface to tke deposit, kecause as tke region 
emerges and tke surface is worn away, tke de** 
posit kecomes cooler, causing^ tke gases to condense 
and tke pressure to decrease accordingly. Of 
course it often kappens tkat tke gas pressure in a 
w^ell-kole ^vill overcome tke kole-fuU of 'water, 
or even tkin mud, causing a ^^klow out , kut tkis 
is owing to gas in considerakle volume kaving 
free access to tke kole, wken tke ascending gas, 
ky ligktening tke column of -water, ^vould slo^y 
overcome it. 

4L I^ tkere are numerous oil sko^irings on tke 
surface wkere tke strata is korisontal, or only 




moderately tilted^ tke vmluaUc od Jeponti « it any « 
are ueually of only moderate deptk and it u uie- 
leM to drill to a ^reat deptk; and in aimilar 
etrata ii oil u lound at a tfreat deptk tbere Ib 
never any tlioiMring on tke furf ace. 
CL Many timetf operators kave drilled ex^plora- 
tion ^P^elb a couple of tkoueand feet beloiv tke 
pnxlaefave zone in Marcb ol anotker profitebk 
deposit, kut suck attempts kave alvirays keen fail- 
ures. However, in locaKties of exceptional 
disturkance tke oil korixon is likely to ke more 
erratic aiii imtfolu- tlun eLewkere. 
^ T^e sometimes read geological reports of oil 
and gas, wkere tke writers suggested tkat tkose 
products kad moved freely tkrougk tke strata 
aiul W arriT«a from afar alontf witli tb« '^cir- 
cuUti-g water." Suck wrSr.' obaervation 
miut be yery .uperficUl and tlieir btfie faulty, 
for tliOM products are firmly ^orporatea witk 
tke strata of ^wkick tkey are practically a part; 
were it not so tkey inrould kave keen lost ages 
agd. Tke continuance of porosity of an oil stratum 
is usually quite limited or tke grain is very fane. 
^ It sometimes kappens tkat a well is opened 
^irkere tke oil is under full pressure, in old ter- 




ritory ivliere ailjatient wcUb hmi, been ezluiifteJ 
BxA •bandoneJ tor many yean, end mimy adier 
cireumatancetf 0I1OW ue kow tkcMroIy tke oil is ooa«* 
fined to tke fftrata yvhere it kaJ to remiin ever 
fince it ivm forced tkere in a volatilised form. 
4L Tkere ia a ^wiile--9prea<l notion tliat oil ia a 
concomitant of certain rtrata and tkat if it ie 
"found at all it miut occur in tlioee strata, and 
tkat it if most Kkely to occur indefinitely in con* 
tinuation of tke pkme of etratification from ^wkere 
it IB knoivn to occur. 

C TLi* belief kM l>e«ii a v«ry co«dy error, (m 
tke a^regated deposits of oil in tkeir continuance, 
despite tke irregularity of tkeir occurrence, form 
a definite korixon "iTirktck ib Kmited in vertical 
scope and -^kick is rarely in exact conformity 
-witk tke bedding over any considerable scope of 
country, and ivhenever an oil'-containing stratum 
extends outside of tke orderly zone of oil occurs 
rence (unless tke porosity skould be continuous 
beyond any knoinai example), it tB bound to be 
barren of oil and tkereafter remain so, unless it 
skould re-enter tke oil korizon, ivkick ivould be 
improbable. 
CL ^Vkere tke oil occurs extensively and per* 




•utently in certain ftrata to ^s^kiek it kas keen 
nmmrwly confined over a conatderakle area, tfeol* 
o^iits kave repeatedly and looliakly pr^cted 
tkat it ivoold not oeoor in adjoining re^ona or 
localities keeanae tkey were atrati^rapkically 
»«ck WW «ul moch yo«ng«; uA wW ofl 
yfraa iound tkere in riolation ol tkeir warning « 
die geolo^iats ivould explain diat tke original 
lower ftratmn virmB tke place oi origin of tke oil 
kilt tkat it kad ^^migrated upward^\ and urged 
deeper drilling in order to tap tke kaaic aanda. 
It if perkapa needlew to add tkat wkere -euck 
advice "wta acted on it ixraa unproductive of any 
food reeults. Contentionf of tkia kind never kad 
any kaeia of ^fact. 

C If we could drill a well 30,000 feet deep do 
you auppoee diat we migkt find «ome oil at, 0ay 
1000 feet, and tken go 5000 feet furtker and find 
anotker katck, and perkaps a few tkoueand feet 
kelow tkat find a ked of coal, etc.? Not at all. 
If oil vkras found at all tke kulk of it would ke 
found to occurina vertical acope of a few^kundred 
feet n^tk poaaikly traccf extending as muck aa 
IKXX) feet akove, and a le00 distance kelow, and 
kelow tkat no more virould ke found unlcif you 




eouU eontinue tke kole to tlic Helletpant or 
Cliiiia. li eoal occurred it would l>e iavtni, alnnre 
tkc oiL M it occurs cTcrsrwlierc tkat dioM two 
proaacto are hnuA m tLe Mm* loedrty. 
CL Criticf 'wlio {ail to tee an orderly* definite 
korison tliat occurs independently of tke bedding 
in tlie apparently irre^ilar, Iiap-kaxard ^roup-* 
inf of die different oil ^^fields** ^^Krlien virwing 
tlie matter in tkia regard, seem to be expecting 
« ''m«I« to onler" Wixon wkere tlie HtL^ 
ixrould occur 'witbout ^wide gaps and in a perfect 
plane; but nature does not ivork along geomet* 
rical lines or in any manner tbat could be des- 
cribed as regular, so I bave described tbe bori- 
zons of mineral occurrence as ^^orderly** in die 
sense of tbeir occurrence vertically, because I 
vfTiXL know horw very irregularly tbose product* 
occur in tbeir xones or borixons. 
4L Eftcb group of like products occurs in a com« 
mon kcnrizon, but any cbemist knows ^wkat a great 
difference tbere U in composition of tke dif* 
ferent kinds of mineral oils, or of die different 
kinds of coal. Different kinds of oil being tbere* 
fore of unlike kind migkt be expected to range in 
different positions in tbe grand borison of pet* 




roleum occurrence, and it ib common to find mv-' 
eral beda ol oil'-containin^ strata overlaying eacli 
odier, and occupying a vertical acope oi poaaiUy 
a tkouaand {eet« altko it is more commonly con-« 
fined to tkree or four kundred feet. In CaK- 
fomia, tbe several oil depotitf may« including 
tracee« extend vertically aa muck as tkree dioua* 
and feet, kut suck is rare. Muck okservation of 
tke pkenomena of petroleum occurrence kas led 
me to tkink tkat cases of migration of petroleum 
out of its original zone of deposition are rare, 
except wkere erosion kas permitted Tirater to 
oktain access to oil, 'virken tke latter inrould slo'^nrly 
escape to tke surface in tke form of a seepage, 
^wkick generally would require tkousands of 
years to exkaust a deposit. 

d. Petroleum found in different fields is never 
ical in composition. It ranges all tke -way 



{rom tke tarry product oi Tr^<l«l, Mexico, 
and CaKfomia, to die Kgkt product of tke Apt 
palackian region, Colombia, Java, etc., wkick is 
nearly as tkin and clear as water. In some fields 
like Wkittier, CaKfomia, aldiougk tke oils may 
conform to a certain type, tkere are kardly two 
wells tkat produce identical oil. Not only is tke 




gravity varie<l« but tkc eliaracter oi the oil otkcr* 
-wiae 10 different. In tbe latter fieU die oil lior- 
izon cutf diagonally across tbe trend oi tke steeply 
upturned strata; and tLere are perkaps one bun-* 
dred different producing stratums; and as many 
of tbe Tirells obtain oil from several strata, and 
as eacb stratum contains different oil from its 
neigbbor, tbe resultant blend is rarely exactly 
aKke in any tw'o w^ells. Tbere is no sucb a tbing 
as draixring a definite line betinreen aspbaltic oiL 
and oils of paraffine base, as practically all oils 
contain botb aspbalt and paraffine, in traces, at 
least. Even in products resembling eitber coal 
or petroleum, it is difficult to draw tbe line 
between tbe two, for coal and kindred products 
blend into tbose resembling petroleum. 
4L Petroleums of different cbaracter are often 
blended witb sbale of so fine a grain tbat tbe oil 
can bardly be detected except by smell. Sucb 
oils can only be obtained by distilling tbe sbale, 
^wbicb is done profitably in some countries. Tbe 
-writer bas seen sucb sbales tbat looked, to bis 
unpracticed eye, exactly like some cannel coals, 
-^wbicb will also yield oils by distillation. Lime* 
stones in tbe borisons of petroleum, often smell 




strongly cf oil. In ^western TexM^ anJ the lar- 
ger part of ea«tem Ne^nr Mexico, over animmeiMe 
region, notaUy at La« Vegas, tbe karder skale, 
w^ken fresUy dug smelLi strongly oi oil. ^^Stink- 
ing rock*^ is of tkis nature, as nearly all oil pros- 
pectors know. 

4L I^ petroleum occurs in strata of one age more 
tkan anotker, it is prokakly one of tkose tkings 
wliicli mitfk be coiu^ered a. ucdAatUl, aiul 
akility to determine and classify strata ky tkeir 
agfe according to die fossils diey contain is not of 
tke sligktest value to tke prospector. Indeed 
geology kas never kad tke sligktest knoinrledge of 
any value to tke oil man, notviritkstanding many 
promotion oil companies loudly proclaim diat 
tkeir properties are recommended ky some ^^ex- 
pert geologist* -who gives a long dissertation 
of kis ^^kno^irledge** to tke suckers; and of kis 
ignorance to die rest of us. Tkere are many 
expert oil men virko make a kusiness of passing 
judgment on properties for otkers, and some of 
tkem prefer to ke called geologists to virkick we can 
not okject, kut tke odium tkat kas keen connect- 
ed "widitke term of late would seem to ke enougk 
to dissuade any from attacking it to tkeir names. 




4L The character oi tke oil« alflo« <loe0 not seem 
to be affected by tke age ol tke strata in ^wkick 
it IB found; for, altko tke great kulk of tke kigk 
grade oils kave keen found in very ancient for- 
mations, and nearly all tke large production of 
keavy oils is produced from formations of recent 
age, tke reverse is true of tke very ligkt oils of 
Java, India, and Colomkia, S. A.; and of tke 
ntW iaJenor black oH oi wertern Ohio ami 
eastern Indiana. 

^ Tke similarity in appearance of tke strata tkat 
is BO noticeakle in all regions Tirkere petroleum and 
otker carkonaceous products are found, could only 
ke caused ky tke degree of keat and pressure to 
"wkick diose strata in inrkick tkese products are 
found iKrere suk jected at tke time of tkeir maTtimum 
suksidence. HoTirever, petroleum and coal bear- 
ing strata of great age, ^vkick "were presumably 
sukjected to pressure of tke superincumkent strata 
for long ages, are firmer tkan are tkose of recent 
age, as migkt ke expected. For instance, tke 
skales of Pennsylvania, among -vkick petroleum 
and coal are found, are muck karder dian tke 
skales of California ^wkere tke same products 
occur, kut tke same general appearance and color- 




in^, and otker iiuleacrtbaUe conditums prevail in 
l>otli regions, althougk one is vastly older tban 
tke otLer. 

^ Tlie definite, vertically Kmited oil-contain- 
ing liorizons oi GaKfomia, aldiougk not continu- 
ously productive, occur sometimes in connderable 
non'*conformity ^tk tke plane of stratification, 
and sometimes okKquely cross tke demarkations, 
"wkere one series of deposits rest unconfoirmakly 
upon anotker. Tke same ts true m tke Appa- 
lackian and middle "west region, wkere tke imme- 
diate surface for a tkousand to two tkousand feet, 
over tke wkole country, ib an almost unkroken 
petroleum and coal korixon, afekougk tkose prod- 
ucts occur in separate deposits, or groups of de- 
posits in tkat korixon, often- widely separated 
from eack otker. Tkat tke successive deposits, do 
collectively, in dieir continuance, represent on a 
grand scale a definite limited korixon, w^kick 
really occurs on lines of a former isogeotkerm, 
must kecome apparent on sufficient consideration, 
altko wky tke deposits do not occur more con- 
tinuously in tkat korizon kas never keen satisfac- 
torily accounted for. 




HOW COAL OCCURS IN STRATA. 

^ Coal alflo ocean in a liorixon Tirkiek in ttf 
continuation, is independent oi the stratification. 
It commonly occurs in tke same locaKty 'witk 
petroleum, and is always al>ove tLe petroleum, 
usually 1000 to 1500 leet. Sometimes it is as 
muck as 2000 leet al>ove, and in rare instances, 
it is but a tew kundred feet akove, and sligkt 
quantities of oil kave keen known to seep up^ward 
into coal mines tkat kad recently keen opened. 
4L Tke petroleum and coal korisons alwmj^ par* 
allel eack otker, regardless of tke non-conformity 
of tkeir korixons to tke plane of stratification, 
sko'wing tkat tke relationskip ketpreen tkem is 
intimate, as could not ke otkervirise; for in tke 
various carkonaceous products resemkling eitker 
petroleum or coal, it is difficult to draw tke line, 
as tkere is a gradual klendingof one into tke otker. 
^ If we consider tke limited areas of coal 
regions, and tke still more limited area of tke 
known oil-containing territory of tke world, 'we 
must admit tkat if tkese two products occurred 
togetker in six or eigkt different regions, it wt>uld 
seem more tkan a coincidence. But wken we 
consider tkat nearly all tke petroleum of tke 




-worU occurs in cloae proximity to coal, y^c 
may justly consicler tkc £act oi tkeir relationsliip 
to be linnly cstaUislicJ, and I will say more 
al>out tlus pkase oi coal and oil occurrence. 
^ People past middle age wbo kave been inter-* 
ested in geological maps bave noticed tbat tbe 
^^carbonilerous** areas bave enormously increased 
tlie last two or tbree decades, ^xrbicb time ib re- 
markably coincident witb tbe discovery and dc 
velopment oi coal all over tbe ivorld. Tbis 
etretcbing oi tbe carboniferous over -what ^was 
formerly classed as permian, and devonian, re- 
minds me oi tbe professional ^^oil smellers/* 
Tbose good old uncles, wbo formerly used a 
forked peacb brancb to ^^trace tbe oil belt, novir 
commonly bave a mucb more elaborate and en- 
tirely inexpKcable macbine to prognosticate \iatb 
and supply a long felt want of unsopbisticated 
land owners. Tbe point U tbis: tbe ^^uncles** 
display "wonderful acumen in tracing tbe oil-con- 
taining belt or deposit, in bo far ^ it bas already 
been proven by tbe pioneer operator witb bis 
drilled wells; but tbere is no well attested case 
of tbeir baving been tbemselves successful as 
pioneexv. 




^ Tke extenfioii oi tke carl>oiiif erous kaa eri'* 
dently been for tke purpose oi l>obteriii^ up tke 
popular (and precarious) notion tkat tkere 'was 
once an a^e or period oi extraordinary aevelop* 
ment oi vegetation; "wkick belief Tirae in its turn 
necessary to bolster tke popular tkeory tkat coal 
represented accumulated ve|fetation in situ^ a 
tkeory ^wkick kas no basis in fact, as I intend 
to sko'w, kut iMrkick kas acquired a ^widespread 
acceptation owing to a mass of apparent evidence 
wkick kas appealed strongly to tke superficial 
investigator, and owing to tke persistence and in^ 
dustry witk \^kick tkis apparent evidence kas 
keen collected and advertised. 
4L T^c more our knowledge of tkis old eartk 
accumulates die less need -we kave for promul* 
gating tkeories of special or exceptional condi* 
tions, and tke innriter -wko tells us of ^Kronderful 
catastropkies in tke dim past, no longer ib konor- 
ed above tkose wko can only see evidence of an 
orderly course of nature, similar to \^kat we 
can okserve in our o^w^n skort time. 
^ Goal, like petroleum, occurs in strata of all 
ages except tke very youngest "^pirkere tkere kas 
not keen sufficient time for tke enormous sub-* 




siJencea, and 8ul>0cquent elevationa, witk tke at*^ 
tending eronon -wliick u neceMary to bring tho$€ 
prociucti ivitkin our readi. 

^It ifl popularly believed tbat bard, or antbra- 
cite coal became differentiated from otber coal 
by baving subsided to a great deptb after tbe 
carbon became fixed, and i^irbere tbe beat oper- 
ated on it. 

^L'^^'bat tbe beat operated on it tbe same as on 
otber coal, and no more, is ^^bat seems to be 
proven by antbracite tbat occurs above a pe^ 
troleum borizon in tbe coast country of Colom- 
bia, near Barrenquilla, Soutb America. Tbe 
coal occurs sparsely at several places, apparently 
600 or 800 feet ^bove tbe oil borizon, -wbicb 
latter ia ixrell marked. Tbe ivriter did not ob- 
serve any, or bear of any deposit tbat viras ^wortk 
working, but it is tbere just tbe same. Tbe 
strata is recent, probably tertiary. 
4LTbe fact tbat sometimes coal ia bard, at otber 
times soft, or coking, or non-coking, or a i^ortbless 
lignite, or merely a manifestation of coal, seems 
to make Kttle difference in regard to its opcur«^ 
rence in orderly borizons and its relationskip 
to otber minerals, and die deep secrets of na- 
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ture proceMes are beyond our abiKty to ^tkom 
at present^ except wliere "we get tke key to diem 
in tke plainest manner. 

^Tkere kaa keen muck microicopic investigation 
ot coal, ^tk a view of studying its origin, kut 
it is safe to say tkat tke results kave keen entire- 
ly unsatisfactory, as tkey kad a tendency to skovir 
tkat eack different stratum viras formed of differ- 
ent matter. Tkis is exactly wkat migkt ke ex- 
pected, for coal is merely ordinary strata tkat 
kas keen ckanged, and wkick contains more or 
less clearly marked impressions of tke coaserdekris 
tkat tke original sediments contained, tke finer 
lines of tke leaves or otker dekris keing some- 
times krougkt out ky tke klaek particles of coal 
on a kackground of Kgkter colored skale, in a 
'wonderful manner. 

^Tke kest examples of tkis seen ky tke ^vriter 
(w^ko kas worked in coal mines,) occurred in tke 
skale, "witk only fine particles of coal matter to 
produce tke markings, and as otker strata, even 
limestone, contain impressions of vegetation, ap- 
parently as frequently as coal, wky are not tkose 
strata coal, if suck evidences of original vegeta- 
tion prove tke accumulated vegetation tkeory? 
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^Jn some Keltic coak tkat mi^Lt be deai^natcd 
as immature, ^wkere tkere may not kave been 
0ufHcieiit time or otker esaential conditiona to 
completely lorm tke earl>oiiaceoua gaaea into 
-^fixeJ^^ carbon, pieces oi carbonized w^ood bave 
been lound, bein^ oi sucb a nature at to oorrea" 
pond ^tb tbe rest oi tbe coal seam. It is noted, 
boinrever, tbat ^^ben ivood remains are found 
above or beloiK^ tbe coal, tbey are almost invar* 
iably petrified, silica baving taken tbe place of 
tbe original cbemical constituents. 
^GeoloffuitB bave industriously gatbered and 
placed on exbibition maily exbibits w^bicb ap" 
parently evidence tbe correctness of tbe com* 
pressed vegetation tbeory, and a museum of min- 
eralogy is bardly considered complete ixatbout 
one of tbem. Almost every geologist of note 
bas gone into print endorsing tbe idea, ^wbicb 
tliey wm kardly abandon, untal tLe oH men find 
it imiversally profitable as ivell as instructive to 
searcb for oil in borisons of former isogeotberm. 
^In tbe Royal Geological Museum on Germyn 
Street, London, tbere is an exceptionally com- 
plete series of exbibits, tending to sbovir tbat coal 
is compressed vegetation, and if one-balf of tbe 




laI>or and ingenuity tui been Wrttmrcd upon 
B^urwing tkat coal is merely cLuiged ttrata, in 
whicn tne chemical conabtuenta naa been re— 
placea by carbonaceous matter, and tbat tbe atf- 
^rc^ate occurrence oi coal in its continuance, in 
any region, repreacnteo a former uogcotnerm, 
Uic tneory ^conU have been well proven. 
fl.'Inere is one cxbibit in particular, in toe Lon- 
<lon muMum, ^vhicn u wortb mucn study. It u 
intcnoea to snow tbat an intrusion of jabbro bad 
sban^ed tne nature oi tbe adjacent coal, but to a 
keen observer it only sbows tnat tbe intrusion 
bad occurred be^re tbe coal was tbere. Tne 
coal, wbicb still adbered to tbe piece ol 
gabbro, does not seem to bave been cbanged by 
subsequent beat, its exceptional appearance (it is 
an odd looKing <emi-antbracite and is probably 
cbanged gabbro) bavinf evidently created tbe im- 
pression tlut it bad been cbanged by beat. Had 
tbe exbibit consisted o( a large portion ol tbe 
coal bed. witb some oi tbe intrusive rocK at- 
tacbcd, it would nave been ot mucb more value. 
Q.Tbe great bulk or coal strata wis formerly a 
soft, massive snale. or bard clay, of mucb uni- 
formity of texture, wbicb seems to kave been 




heet aJaptcd to arrest and receive tKe carbon* 
aceous matter, but in exceptional ca«e0 apparent* 
ly any kind oi strata turned into coal. Even 
coarse pebble, tbe 'waterwom roundness beia^ 
"well preserved, bas {ionned ooaL 
4L -^ popular geological ^vriter, ^wbo oi course 
-was an adberent of tbe compressed vegetation 
tbeory, baving sucb a case brougbt under bis ob« 
servation, says: ^^In a period of elevation, tbe 
superincumbent strata must bave been eroded 
aw^ay, and tbe coal bed cut into by a rivulet, 
-wbicb formed a bed of viratervirom coal pebbles 
in tbe coal bed itself: after virbicb tbe region 
subsided, and was covered by sediment as be- 
fore;' Tbi. » a «mple of tbe immature reaaoii- 
ing tbat bas established a tbeory "wbicb is act- 
ually taugbt in our scbools. First, tbe coal w^as 
-formed, necessitating a covering of tbousands of 
feet and perbaps millions of years to compact tbe 
bed of vegetation into good coal: tben erosion, 
'wbicb is so slovir, tbat wbere our present coal 
beds bave been cut into by erosion, it requires 
a practised eye to determine tbat tbere ever w^as 
a coal bed tbere, and tbe ^^blossom^^ bas to be 
traced by drifting, often for a bundred yards 




from tke surface, before any coal ^ood enough 
for u«e can be obtaiiieJ* tbe outcrop Laving been 
destroyed, or deteriorated, by acccM of air. 
It 10 "well knoivn tbat tke best commercial coal 
deteriorates in value, by beingf stored in tbe open 
air, and for tbis reason arrangements are being 
made to store it under \^ater. But entirely ob- 
livious of tbe perisbabiKty of coal, tbis ^^autbor* 
ity^* bad tbe coal actually 'worn into pebbles by 
slow erosion, and tben covered up by tbe set- 
tlings of erosion, witbout affecting tbe quality. 
CL The popular bsrpotbesis of coal origin as pro- 
mulgated by tbe geologists of tbe last few decades 
is quite definite, and I tbink tbat I will not be 
cbarged ^nritb unfairness -wben I state tbat it 
supposes eacb bed or vein of coal to repre- 
sent an accumulation of vegetation on tbe ground 
on wbicb it grew: after ixrbick, tke region sub- 
sided, and 'was covered witb sediment ^Krbicb be- 
came tbe soil in wbicb anotber accumulation of 
vegetation gre^v, ^wben tbe region again emerged, 
etc. Tbose tbeorists neglected to make pro- 
vision for preserving a sufficiency of vegeta- 
tion from decay pending its submergence under 
tbe ocean, and w^ben we consider tke penskable 
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nature of coal itself, to say notlung of vegeta* 
tion, ^e i<lea seems absurd. 

4L 1*^6 inuDense amount of carbon containeJ in 
a large coal veia, ami tbe small amount contained 
in a yearly groivtb of vegetation, must bave 
ratber queered tbe gentlemen, for tbey agreed 
tbat it took an enormously long time, wbicb tbey 
reckoned into tbe bundreds of tbousands of 
years, during iK^bicb time tbe mass, ^vi^bicb must 
often bave been bundreds of feet in tbickness, 
"w^as in some inexpKcable manner preserved from 
decay. 

4L ^ow, tbe accumulation of sucb an immense 
amount of carbon by gro-wtb ib an utter impos- 
sibility, o-wing to tbe limitation of fertiKty of 
tbe soil. Any good farmer can tell you tbat 
-witbout tbe application of matter containing cer- 
tain salts, tbe best soils would become unpro- 
ductive, if beavy crops -were taken off continu- 
ously. Before tbe vegetation inrould suffici- 
ently decay for tbe salts to become again avail- 
able, tbe carbon matter w^ould all bave escaped 
into tbe atmospbere. Tben again, tbe large 
number of subsidences and elevations tbat, in 
some caaes, virould bave to occur successively. 




fluring tkc buiUm^ up ol a very small amount 
of 0trata« u kardly conmBteat 'wilAi our uniler* 
•taiulktf o( sucli pkenomena. 
^ Tke beKef in tke accumulated vegetation 
tkeory, BcemB to be based mainly on tke fact 
tkat iosnl imprcMiona ol vegetation are found to 
occur in coaL but tbey also occur intermittently 
in tke wbole aerief of depositt in wbicb tbe coal 
occurs, as frei|uently as tbey do in tbe coal* In 
some coal, no fossil vegetation wbatever can be 
detected, in otber coal it is common. Tbe same 
is true of tbe sbales. Many geological writers 
bave stated tbat coal measures (-wbicb term, if it 
means anytbing, means tbe coal containing bori* 
2on) ivere many tbousands of feet in tbickness, 
but we must consider tbeir metbods of deter-* 
mining tbe tbickness, w^bicb was by aggregating 
tbe tbi Jcness of all tbe strata in wbicb coal oc* 
curred at any point. Had tbe result been deter-* 
mined by drilling a deep -well at any point diat 
tbey migbt bave selected in tbe coal regions, tbey 
undoubtedly -would bave found tbat tbe wbole 
borixon of coal occurrence -would bave been con-» 
fined to a few bundred, or at most, a tbousand feet. 
^ But tbe feature of tbe geologists* tbcory of 




coal ori^m, tbat u miMt opposed to reason, Low- 
ever, u, tke emertfenee ol tlioM tU Jieeto ot 
clay strata between some of tbe minor coal 
seams, ivkicli strata are sometimes only a ievir 
{nckea in tb^lcneM. and exteiul over lartfe areM. 
an J Tirliiek, tie^Dre tkey kad LundreJs of feet ot 
covering w^ere notking but slimy pulp like occurs 
now on tke kottom ai tke deep ocean, tke only place 
wkere clayey skales are formed. Tke aksolutely 
uniform texture of tkose skales would prokikit 
tkeir formation in a lagoon, or in any otker place 
ivkatever, except on tke kottom of a very deep 
ocean, at a great distance from skore, and it is 
too muck to suppose tkat in tkeir emergence tkey 
^irould survive tke "wave erosion, of ^wkick I -will 
speak furtker on. Some geologists tkink tkat coal* 
keds represent accumulations of drifbnrood, kut 
tkis tkeory, also, presents insurmountakle diffi* 
ciJties, as it -would require tke postulation of 
conditions enormously different from any -we 
knoiv of. But it is not necessary to furtker d^vell 
on tke aksurdities of tke compressed vegetation 
tkeory, altko a kook migkt ke filled witk tkem. 
^ Coal sometimes, especially in muck disturked 
mountain regions, occurs in immense masses, in 




very limited areas. Toe name, *'iiorM bula 
appliea to one aeries oitaem, ■will (five the reaaer 
•ome idea or tteir lonn.'wliicli IwweTer ia genei^ 
ally irregular. In moat oi taeh occurreneca ot 
ooal. it u plain tnat tnere is little or no con- 
formity oi tne ooal, to tne plane oi stratirication. 
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41, But Uiere ia kardly a coat>l>ed, or vein any- 
wliere. tliat Joes not display ia some portion oi 




its extent, ■one aac oiif o iai ity to A/t iM^Jinf , awl 
I ^viali to call tke reulcr'a attentioB particulaily 
to tliu point. It muMMt be e^ucnt to tlie cara- 
ivl >tiiJeBt tbat H tliu u true, it alone, muat t^ 
tablub Ak origin of coal in tLe manner berein Mt 
fortb. It yon enter a. eoal nunc m Uie Pittabuif, 
Pa. , Jiatnct, and travel towarJa tbc aoutb. you ^rill 
notice by obaemntf carefully, tbat uw ooal en- 
croacbca gradoally on tbc strata above, aan eo^ 
rcapcntdiapy vacatea tbe atrata beurv, until in 
tbe coune of bait a mile or ao, Ae wbole vein 
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^nll be IS oinerent strata from ^trberc you first 
oboervea it. In otber coal fielJs, -vAtcre tbia 
non-confoniuty to tbe stratification is mucb 
^vater. ana tbe separate veins or beJa of mucb 
less extent, tbe fielcl ia a succession of veins oc- 
curring lo a series of bencbes or steps, generally 
overlapping eacb otber, eacb vein conformiD^ 




iairly -well to tke ftratification, but tke airhole 
fieU durou^kout its contmtiaiice being sometimca 
MB muck M 20 degrees out oi parallel -witli tke 
ftratification. It is in suck cases as tkis tkat 
careless investigators kave stated tkat tke coal 
occured tkrougkout a korizon of tkousands oi 
£eet, "virken in reaKty tke actual korixon ai coal 
occurrence did not exceed a tew kundred feet. 
4L Now, tke only logical deduction tkat can be 
made in regard to tkis occurrence ot coal (and otker 
mineral) in an orderly limited korizon, independ* 
ently oi tke stratification, is, tkat it was formed 
suksequently to tke formation oi tke strata witk 
"wkick it is blended, and at tke time of maximum 
subsidence of tke region, tke coal field as a wkole, 
"was spread out approximately korizontal, parallel 
^tk tke surface, kut tke stratification was not. 
(Strata of any considerakle age is never exactly 
korizontaL) Ckemical investigation of a series of 
strata iniKrkick coal occurs, skows us tkat tkere is a 
great excess of free silicates in tke strata adjoin- 
ing tke coal. Tke same is often true of iron 
ore. Tke skiny, greasy appearance of tke cleav- 
age is a manifestation of tkis ckange in ckemical 
structure. Most of tke valuable fire-clays, ka- 




olina anJ tfoap-atones oi commerce^ accompany 
coal and iron ore in tkeir occurrence^ skoiving 
ua tke ckemieal cliange« tbat occurred, ^wken tne 
aiKcates, etc., ^rere forced to vacate ike strata, 
as tke latter -wan taken poescMion oi ky tke car^ 
konaceous matter in iti concentration. 
4L I^ y^^ tsike a good encyclopedia, and look 
OTcr tke mineral reports of varioua countries, 
like tor instance, tke Spanisk American coun- 
tries, -vkere adverse governmental conditions 
kave keretolore prevented exploitation, you may 
ke surprised at tke large numker of regions tkat 
are reported to contain ^^coal and petroleum, ^ or 
^^ooal and traces of petroleum.^^ If you investi-* 
gate furtker, you y^nU. almost invariakly find 
tkat kotk tkese products occur in tke same re- 
gion, most commonly in tke same locality, and a 
personal investigation will disclose tkattkose pro- 
ducts occur in tke same general korizon, inritk tke 
coal akove tke petroleum, and diis, notwitkstand- 
ing tkat tke strata in wkick diose minerals oc- 
cur, are of tke greatest variety of geologic age. 
CL ^^ some petroleum regions, tkere are only 
sligkt traces, or manifestations of coal, so far dis- 
covered; and in some coal regions, perkaps tke 




oHiMnotim mificiaA qaaafaty to U pro(i«*Ue, 
\nxt tliu fluraU not detract iram tke wtfnifioiicc 
ol tke apparent relatioiuliip. 
4L I>^ Great Britam, petroleum oecnra in amall 
quantities under die coal at 0ome pointa, Vut it 
ia of Ktde value, l>eing moady al die oil aliale 
variety, ^a^bieli haa to l>e mined he(ore it can ke 
diatiOed. It ia kere diat tLe coal bearing de* 
poaita, bein^ confined iKritkin narrow ^eolo^ical 
limits, firat ^ave tlie name ^^carboniferoua^^ to 
die strata. Tke moat important of tke Wordi 
American coal depoaita "were tken exploited, and 
it BO kappened diat tkey were in atrata of aimi- 
lar a^e, aa nearly aa could be determined; and it 
-waa tken tkat tke belief w^aa formed, tkat diere 
could be no coal of any conaiderable value, out-* 
aide of tkat aeriea of rocka, and it ke^an to ke 
noticed tkat tkere aeemed to ke a relationakip 
ketw^een tke coal and petroleum. However, 
tkere waa no getting around tke fact tkat tke 
Appalackian, and Middle ^^eat important coal 
depoaita occurred tkrougkout a atrata^rapkic acope 
of many tkouaanda of feet, witk tke oil paralleling 
tke coal at aome kundreda of feet kelow. Tke 
coal of Warren and McKcan countiea, in 
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Dortkem Pennfylvania^ occura in a plane oi fltra* 
tification, 'vliicli, if continaed aoutk, w^ouU un« 
derly tke various oil containing strata in soutk- 
inreat Pennsylvania* No coal, boixrever, was 
ever found under oil, despite tke fact tliat many 
deep (but futile) wells were drilled in middle 
and soutkw^estem Pennsylvania in searck of tke 
oUn wkick, it was tkougkt, ougkt to occur in 
continuation of tke plane of stratification of tke 
iiortli«m oa depoaita. 

^ In connection witk tkis paralleKsm of tke 
*coal and oil korizons, it is w^ell to rememker tkat 
in many oil fields, tke oil occurs too near tke 
surface to admit of a coal korixon akove it, tke 
strata wkere tke coal belonged kaving keen 
eroded aviray ages ago. 

4L ^o doukt die same coal korizon is represent* 
ed by tke coal of Pennsylvania, Okio, Mickigan, 
Indiana, Alakama, Kentucky, Vii^ginia, West 
Virginia, Tennessee, Illinois, Missouri, Iowa, 
Kansas, Oklakoma, Texas, and perkaps otker 
states. Oil occurs under tke coal in all tkese 
states witk tke possikle exception of Mickigan. 
Tke strata in wkick tkese products occur, in tkis 
great area, can not ky any stretck of tke imagin- 
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ation be conaidered 03mcronoua, or continuoiM, 
and altko tke coal and oil occur in patckea only, 
-with, often wiile areaa tkat are barren, tkere ean 
be no doubt tbat tbey represent on a grand scale, 
a former iaogeotberm tkrougbout tbis immense 
region. 

%l^ Petroleum also occurs under coal, in Wy- 
oming and Utab: and at several places in CaK'* 
fomia, coal of an inferior kind occurs, if not 
directly above tbe oil, at least in continuation of 
tbe general borizon of carbonaceous products. 
CL I ^sb particularly to call attention to tbe' 
occurrence of coal in parallelism witb petroleum 
tbrougbout regions baving surface strata of var-» 
ious ages, and iiie continuance, or at least corcr 
lation of tbe coal or petroleum borizons in strata 
of one age, to strata of a different age in ad* 
joining locality or region. Also to tbe fact tbat 
tbe borizons of tbose products, altbo eacb may 
consist of several deposits overlying eacb otber, 
botb maintain tbeir identity, and maintain an 
orderly distance apart over a considerable re* 
gion. 

%l^ Wbere tbe oil containing borizon bas a con* 
siderkble scope, tbe coal borizon also, bas a con* 
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nderable fcope, and tke two mamtam a ^reat 
dutance apart; aa in wouthweet Pennsylvania, and 
nortkern West Virginia, vAiere tke two korizons 
are akout 2,000 leet apart from center to center* 
In Illinois, -wkere tkere is only a ievr kundred 
leet ketween tkem, tke coal and petroleum ar^ 
eack confined to one or two deposits close to^etker; 
CL Many textkooks and geological reports and 
kuUetins, altko edited ky persons wko *'*' never 
looked at it tkat way, ^ are useful in skowing 
tkat oil and coal occurrences in tkeir aggregate 
continuancCit represent former isogeotkerms. 
41, Most, if not all tke metaUic minerals, seem to 
occur in korizons, independently of tke plane of 
stratification, like petroleum and coal« Tkat ib^ 
eack deposit of exactly like variety* (if tkere ke 
any two suck in nature) kas required like con^- 
ditions of covering, keat, and otker like condi- 
tions of environment. Garkonate iron ores: kem- 
atite, limonite, magnetite, etc., in infinite variety, 
occupy a definite position in relation to eack 
otker and to coal, lying akove tke coal at vary-* 
ing distances according to type, wkile anotker, 
and vastly different kind of iron occurs "well 
down in tke metamorpkic rocks, wkere tke keat 




'waa cvitlcntly mfficieiitly f reat to depoait it in 
a volatile coiMlition analo^oiM to our trcatOMat ol 
iron in tbe arts. Tke l>c{ore mentioiied iron 
oret ^wkicli are plainly ilepof it§ of jiormer gravel 
and iandrock, tke aubftance at ^^kiek kaa turned 
more or leM into iron, may ke faid to ke o{ 
^^ckemical^^ origin, kut tke lact tkat tkey occur 
in a definite limited korizon, independently of 
tke plane of ttratifieation, •kowa tkat dlieir oc- 
currences represent, in tkeir continuance, a form- 
er isogeod&erm. Tke carkonate iron orei are 
popularly suppoied to ke precipitates from iron- 
ekarged ^w^ater tkat percolated into die strata 
tkat afterwards kecame iron, kut consideration 
of tke fact tkat coal and iron carkonates so fre- 
quently occur togetker, must skow^ tkat tkere is 
a relationskip ketiveen tkem. 
^ Limestones of like type also occur in limited 
korixons: and, "wkile a massive Kmestone deposit 
may closely adkere to tke plane of stratification 
for a kundred miles, if it kas extended out of 
conformity iKritk tke former isogeotkerm, it will 
kave ckanged its type; and as like as not anotker 
deposit, 500 or 1000 feet akove or kelow tke 
first, will kave developed into tke original type 




of tke firft depont, Acfming tke course of tkc 
lormer uogeotlicrm. It it more oommon, ho'w^ 
evtr ior a mamTe limestone to occur out oi con* 
{ormity ^tb. tke keJlJintf^ "vkea people wko do 
not suspect its true nature often use it as a base 
for tke determination of tke position of otker 
strata, widi muck confusion of understanding. 
4L The text-kooks tell us tkat limestone is main-* 
ly or largely composed of tke remains of marine 
creatures tkat Kved'-'and died— *in great numkers 
at tke time tke said Kmestone was forming at tke 
kottom of tke ocean. But muck contemplation 
and okservation of limestone, (wkick is a very in* 
definite term,) skows us tkat it does not contain 
evidences of marine forms in greater numker, or 
more frequently tkan otker sedimentary strata* 
4L It is common to see massive limestone, very 
pure and kard, ^tkout a trace of marine forms 
tkrougkout its extent, inrkile a few kundred feet 
under it will ke found skales, sands and con- 
glomerates, containing numerous skells of marine 
creatures, composed not of lime, kut of silica. 
Tke Niagara limestone at Niagara Falls is typi« 
cal of tke kind tkat occurs so frequently in, or 
fust akove tke petroleum korixons. To tke 




floutkwert for hunireda oi miles, tke ^^hliatfara** 
maintainfl iti type I>eeau«e it ccmlomu to tbe 
lines oi a lormer isogeotkerm, but to tke soutli, 
it soon loses its identity* because it dips belpw 
tke oil korizon* Tke mile-deep w^ell near Pitts* 
kurgk did ^^not reaek*^ it, to tke astoniskment oi 
tke geologists. 

4L ^Vkere carbonate oi lime is abundant in tke 
korizons oi coal and petroleum, it kas ckanged 
skales into kard dokmiites or otker kard lime- 
stones; sand kas been turned into sandstones; peb' 
bles kave been turned into conglomerates; etc 
Four or five tkousand feet kigker: in tke series it 
occurs in a more or less ckalky form, often in 
tke form of concretions, ^v^kick occurrence would 
absolutely forbid tkcir formation by accumula^ 
tion of Kmy marine skells. Many otker forms 
of limestone occur so irregularly as to utterly 
preclude tkeir formation i^ tkis ii^ay. If lime 
can leave, or be driven out of fossil skells dirougk 
ekemical action, can it not be driven indefinite 
distances tkrougk strata, to redeposit in strata 
ccmtaining no trace of marine forms? 
CL Did petroleum, coal, limestones of similar 
type, and otker products, occur evenly and con- 




tinuouflly in their proper honzona, tnen, tne lact 
oi dieir occurrence on lines oi lormer iflogeo* 
tkemu would be 8eU--evi<lent, but tbat perplexing 
old alckemist, tke eartk, lia« grouped tLem in 
«u^ an irregular "way, <rmikg to causes tkat 
4re not yet understood, tkat it requires quite 
an application to tke subject to properly 
view tkem in tkis regard. Sometimes 
tke carkonaceous matter in a series oi deposits 
kas apparently all^ or nearly all, entered into 
camkinations to form a limestone of massive 
form. At otker places it kas gone aknost ex- 
clusively into an immense coal vein, or into 
a numker o£ coal veins or keds, occurring one 
akove anotker, sometimes several kundred feet 
apart, and varying in tkeir ckaracter of compQ*- , 
sition^k "wkick prokakly accounts for tkeir position 
vertically in tke zone or korizon. At otker 
places, notking kut petroleum is in evidence, (tkis, 
kowever, ib rare. ) Elsewkere, - salt alone, or 
iron carbonates are found, ^^kere all, or 
several of tkese products occur, tkey al\irays 
occur in tkeir regular order, tke petroleum oe* 
curs kelow tke coal^ tke salt het^cea tke two,. 
or- possikly sometimes kelow tke oil. . Tke iron 




ore, i{ a typical kenatite, closely aJkeres to tlie 
zone of tke ooal« but if a limonite, it may occur 
2000 or 3000 feet above it. Limeetones of like 
t3rpe al'ways are confined to a certain position in 
relation to tke otker pro<lucts« but bein^ of vari*- 
ous degrees of pureness and composition, tkey of 
course bave a ranges vertically of many thousands 
of feet, as migbt be expected. 
C« Many otber i|on--metallic minerals, of like 
type occur in definite limited korizons, independ* 
ently ol tU pine ol .trataficafaoa. Miiwnl 
nitrates occur in tkis iKray. Tkeir occurrence 
in quantity is, kovirever, limited to re^ons ^irkere 
tkere is very little or no rainfall, as, if tkere 
w^as enougk -water to reack do^wn in tke eartk^ 
it w^ould quickly dissolve tke valuable salts. 
Common salt, soda, etc., are found outcropping 
only in desert countries for tbe same reasons, 
but are now largely obtained by skafting or kor* 
ing tkrougk impervious superincumkent strata, 
kelow tke point wkere tke water kas penetrated, 
kecause, of course, tkere was no water in tkose 
zones or isogeotkerms, until tkey emerged and 
w^ere eroded, tke original sea ^Krater witk wkick 
diey were ckarged, -wken tkey \irere formed. 




lutTtng been Jisaipated as flack, before tliey lia<l 
reaeked tkeir maximum suDaiilence. 
4L Tike most common form of eak occurs in 
petroleum and coal korisons, sometimes in 
suck enormous quantities, anil in suck purity, 
tkat tke popular conception oi its origin in desert 
basins must be inrrong. Water lound at great 
deptks IB almost invariably cbaigcd inritk some 
kind or otker at salts ^irkick make it unfit fdr 
use. Close to tke surface kowever, especially 
above tke level of tke deeper valleys, tke cir- 
culation of tke "water in countries kaving a fair 
amount of rainfaU, kas removed tke salts. All 
tkis evidences tke trutk of tke tkeory, diat tke 
strata kad suksided to inrkere tke keat or otker 
factors of great deptk and pressure, kad operated 
to eliminate tke uniformly brackisk sea >Krater 
diat saturated tke sands -whitn tke strata viras 
formed. Sulpkur and otker substances tkat blend 
'witk coal, petroleum and many otker products, 
could only kave done so in a condition of volati- 
lization. 

4L Soils also, migkt advantageously be classified 
along lines of former isogeotkerms. 




VERTICAL EXTENT OF MINERAL 

HORIZONS 

^ All deep inrell drillers know by pf^actieal ex-' 
perieBce, tkat tke keat increafes down^ward, kut 
in some regions it increases muck more rapidly 
tkan in otkers. Unless a flo\ir of "virater is en-^ 
countered, it is difficult to get tke exact temper* 
ature of a kole at any point* kecause tke oool 
water tkat is constantly admitted to tke kole^ka^ 
a tendency to cool tke rock, i^kick, keing a non* 
conductor of keat, is slow and uncertain akout 
recovering its normal temperature. 
CL ^Vkere tke keat increases rapidly, it ib 
tkougkt to ke owing to tke strata keing of a les^ 
complete non'-conductive nature, tkan iBvkere it 
increases sloinrly. 

^ No doukt tkis variation in tke increase of 
keat appKes to great deptks as well as to tke in* 
significant deptk of a f e-w tkousands of feet to 
^vkick we can penetrate witk our present f aeiK*- 
ties. 

^ If, at tke time of maximum suksidenee of a 
regi6n, tke keat increased rapidly in tke isogeo- 
tkerm of deposition of volatilised carkonaceous 
matter, tken -we skould expect to find tke result-* 




iag proJuctf coafincd to a f rw kuiulreil feet ver- 
tically in eack caM, altko tkerc wouU be otkar 
lactorv, suck a« tke prcflcnce at otker aukitaiioat 
witk iKrkick eack product ihtouU kave a temleiicy 
to kleiuL 

CL I^ tke keat iacreaeed skrvirly^ -we »kouU ex* 
peet tke coal lor iaetanoe, to occur in a camJ* 
erakle vertical ecope, a tkouaand feet in tome cxt 
treme caeee, like £or inetance^ ioutkem Pennsyl-* 
vania, or nortkem AVeet Virginia, "wkere tke 
oil like wiee occurs a couple oi tkoutanid feet ke-* 
lo^KT tke coal, and like tke coal, kae a coneider* 
akle fcope. 

CL ^^c muet not forget akout tke enoraioue ie^ 
nvulation tkat kaa occurred aknoet everyvirkere, 
at leaet ^virkerever tkere ib a aemklance of kills or 
unevenees of any kind. Tke present surface 
lines in an oil or coal korixon, or region, skould 
ke regarded largely as an accidental circumstance, 
TVe frequently see a tkousaod feet tkickness of 
strata outcropping in plain view', tke upper por* 
tion of wkick Im apparently as firmly knit ky tke 
former pressure as tke bottom layers are* Tkis 
ski|ws tkat tke weigkt of tke one tkousand feat 
of: strata, w^as suck a small part of tke wkole 




preMure to inrlueli tkc ftratm hmi originally been 
•abfecteJ, tkat it made no appreeiaUe differ- 
ence to our €y€§. U kovirever^ yfire kave an op* 
portunity o{ obterving a ttrw tkouaand feet ad* 
ditional of outcrop aluyre tke otker Aouaand^ v^t 
will probably be able to note a difference, oW^ 
tog to an increaee in firmneM ae vtre trace die 
strata dowmvard* 

^ Near die Hill etreet tunneL on First ftreet« 
Lof Angeles, Gal., tbere is beautifully exposed, 
strata tilted almost vertically, resting upon iMrbicb, 
unconformably, of course, is a borizontal strata, 
wbicb is not muck less firm tban tke lower one. 
Botk series are among tke most recent deposits, 
and constitute an object lesson of tke immensity 
of past time. 

^ ^Ve must remember tkat wkere we can trace 
a single series of 30,000 feet or so of strata, we 
must look for tke petroleum and coal koriaons 
near tke top of tke visible series, because tke 
comparatively few tkousands of feet of material 
tkat kad keen akove tkem would be more crumb* 
ly and less compact, and kence not likely to sur* 
vive tke denudation tkat kad exposed tke im* 
mense series of strata. Likewise wken we ok* 
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Mrvc a fl#.t« or fcntly roUiatf lamlieape* compoicJ 
ol crunibly mftttnaL "wkert ^e bccUiag can only 
1>€ dctactod in tk« mott {avorablc locatioiii* ihtc 
may l>e iurc tkat tLc valuable mincrak, if any, 
art lar bdow, cacccptiiig, of courfc* in a pofnblc 
fq^arate icriet of Jepotitf witkin raaek of tLa 
iurfacc. 

^ Wkila petroleum i§ eoaSmeJi to a Jefinita 
▼artically limited korison wliiek« like eoal« oe-» 
cur* inJepenJently oi tke ftratifieatioiuit Joeenot 
occur §o regularly in diat koriaoiu keiag collect- 
eJ more in •poti« or irregular kelti« aiul rarely 
iPmmI. ooBtkuoualy oT«r a onmid^rM* itrcteli 
of country. Tke fact diat petroleum only oc* 
cun in poroue etrata^ often veiy limited anJ ir* 
regular in occurrence, ako, prokakly kae muck 
to do "witk its irregular occurrence. 
^ All virko kave read geological textkooke and 
official kuQetine, may kave noticed tkat tke 
writer* or editors •ometimea deicriked certain 
conditione* admitting tkat tkey were perplexing 
and inexplicakle« kut ^pvkick are not §o at alL 
wken coneidered in comection witk tke iiogeo* 
tkerm kypotkeeie* Several geological, "writere 
kave ftated tkat it ^wae ^^a curioue fact*^ tkat in 




tlie Appalackian regioii, or at le««t ecrtam por* 
turns oi it, die petroleum, or coal, in tkeir succeef ive 
oceurrencef in a certain direction, occurred 0ue* 
cesfively lii^er, and in younger etrata, or tke 
reverse, over eeveral kundred miles in one direc- 
tion. It lias been admitted tkat cro«0-beddin|f, 
and otLer pkenomena, in strata tkat only admit- 
ted ot certain definite conditions in tlieir forma'- 
tion, occurred in botk coal and limestone. Of 
eourse, tkere is notking wonderful in tkis, iRrken 
"Wt regard kotk of tkese products as merely pro- 
miscuous ordinary strata dkat kas keen ckanged 
in its ckemical contents only, kut tke old geologi- 
cal conception of tkeir origin requires tke per- 
formance of miracles in tkeir kekalf . 



STRATIGRAPHY OF THE WHITTIER 

OIL nELD 

CL Tke stratigrapky in cdnnection inritk tke oil 
occurrences in tke old AVkittier oil field, al- 
diougk possessing certain general features in com- 
mon vtritk all otker oil producing districts, con- 
tains tkose fundamental features in su^ an exag- 
gertted aspect, tkat tke detenCiining of tke law 
of tke oil occurrence kas seemed inexplicable and 




paat fmJiiitf aut« ukI wliile perliapfl no otker oil 
{leM hauB been 00 muck ftuciied anil deaeribeJ, it 
"virill perkapa intereet many to g^ still anodker 
Je-cription, «<! tfeaerJ de<l«cti«. from my ob^ 
▼ations, because, perebance« tbey ^^never looked 
at it tkat wmy/* 

4L The trend of tke exposed strata in tkis field, 
is found by muck investigation, to average a true 
east and w^est, but as tke developed portion, 
virkick is 'well defined by numerous failures (at 
least on its nortkeast side,) extends in a nearly 
nortkwest and soutkeast direction, and U very 
restricted in widtk, at least in ite nortkvirest end, 
owing to tke steep dip of tke oil korison, it is 
obvious tkat oil occurrence along tke line of 
strike of tke strata is n<yt very extended, and sel* 
dom reackes as muck as kalf a mile. 
^ Tkis is tke feature tkat was so puxxling to 
tke early operators, and many investors still kave 
an acking void in tke region of tkeir pocketkooks, 
oviring to failure to locate producing wells a skort 
distance along tke line of strike of tke strata from 
good producers. 

4L I^ migkt be supposed tkat wkatever was tke 
cause of tkis general unconformity of dke course 




oi tkc oil belt to tKc trcnJ or ftrike oi die itrata, 
tLc eontinuancc oi poroaity ui many oi the oil 
«trata« in obliquely crofiintf tlie narrow fieU, 
"wrould cauae ^cat irre|fulartlici in liic flankf of 
tlia general oil l>elt. But tkia ib not tLe caae, 
tke liinitf oi tke fieU being fairly regular, a« 
represented by Jevelopmente, oil aeepag^s, and 
otber eurfaee inilicationf; one exception, bo^pir* 
ever, being a conii<lerable seepage midway of tbe 
field, and near tbe line of tbe soutbweetem edge 
of deyelopmentt, tbe rest of tbe seepages being, 
of course, on tbe otber, or sballow side. 
^ Tberc bas not been a single failure in tbe de- 
fined field, except sucb wells as were pincbed out, 
or plugged witb lost tools, or by failure to sbut off 
tbe water, inrbile close outside tbe defined limits, 
tbere bave been sunk numerous failures, and not a 
single productive well. AH tbos^ failures on 
tbe soutb'westem or deep side, bow:ever, may be 
considered as being of insufficient depdk, 'wbile 
tbe nordicMtem side, representing tbe outcrop 
of tbe oil borizon**as tbe virriter pointed out 
.«v«ral y«.« .go-i. deH.^ per«u««tly, »J 
notbing of any consequence can be expected tbere. 
^ Tbis clean-cut limit of tbe oil field may be 




aceountcil iior on tke tappofitum tkat tlic separ* 
ate oil 0tratm kave little perfiitence or oontrnv 
aace oi poroeity, io tkat tke oil kae al^n^ye re- 
mained "well in itf dcfineJ limiti ol original <le* 
position, and indee<l tkui ieema to be tlie caee, a« 
eeUom ean any single stratum be identified witL 
any certainty in adjoining w^ells. 
C Tke old tune driller in tke Wkittier field 
does not speak oi *^tke oil sand^* because ke 
knows tkat tkere is no suck tking as a definite 
oil sand tkere, kut tkere are doxens, perkaps 
kundreds of tkenu so many tkat it is impossible 
to more tkan give tkeir mode oi occurrence. 
Perkaps tke oil in some oi tkese separate strata 
is intercommunicakle, altkougk tkey seem to be 
separated by well defined strata oi impervious 
skale. 

CL Tke strata in tkis field dip all tke way firom 
45 degrees in tke soutkeastem end, to vertically in 
tke nortkwestem end. Tkis is determined by 
Mcrwing tke dip oi Ae exp<Med rtrata at tlic 
surface, by comparing in neigkkoring wells tke 
deptk at wkiek i§ encountered certain persistent 
strata tkat may reasonakly ke supposed to ke 

continuous firom 'well to well, and ky recovering 
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nuaneroufl pieces oi unJcr-reanungto, cratainiii^ 
portiona oi tke face of tke Iiole« m 'wkick tke 
beJiluig u plamly marked. 
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Tke nortkw^cft end at tlic Whittier-Puentc oil licU. Dot* 
rcprcMBt v/cUb that are, or bevc keen produeen. Outei<lc oi tke 



area represented ky tke dote no profitable <«irelb kave keen found. 
In tkii area, praetiealfar no failurat kave keen oktaincd. Moet of 
tke ^ircllf are many yean old. Derelopment kae keen going on 
for akout 15 yeare.' Okaerre tkat tke direction of tke dcvilop- 
nient,(w^kiek narallela tke outcrop of tke oil korixon) i« N.W. and 
S. E., altkougk tke eteep-dipping, outcronping etrata, trend eaet 
and weet; ekowing a non-oonformity of tke oil koriaon to tke 
plane of etratification of nearly 45 degi 



^ Tke general trend oi tke kilLi or' antt-cline 
conformi cloaely to tke trend jof tke oil field, 00 
tkat tke trend of tke strata cutf okliquely acrote 




hoA. It kai often hccn KcU by peraoiM wlio 
Lave not tlieniielvea investigiated, tkat tliu li im- 
poMiblc; tkat tkc strike oi tke itrata must neces-^ 
0arily conlorm to tkc axis ai tke anti--clme, kut 
tktf neeJ not follow, ae in tkie case tkere migkt 
kave keen, and prokakly 'wuBn over tke "wkole re- 
gion orig!inally, a uniTersal <lip oi tke strata to 
tke eoutk Mutkeaet kefore tke anti-eline kef an 
to form, 

^ Tkif feature of unconformity oi tke outcrop 
of tke oil korizon to tke korisontal trend of tke 
strata is not at all exceptional, kut nowkere else, 
perkaps, does it occur in suck exaggerated form. 
If, kowever, we view in perspective, a profile 
of tke oil korizon oi tkis field as it extends into 
tke eartk in die direction of tke dip of tke strata, 
we find tkat dke same pkenomenon of unconform- 
ity to tke plane oi kedding occurs, tke oil kori'- 
aon,as in most otker fields, dipping rougkly akout 
kalf as muck as tke strata does, kut as tke strata 
in diis field dips very steeply, and in most odier 
fields kut sligktly, tke unconformity kere is very 
noticeable, wkile in otker fields it kas not keen 
sufficiency noticed to cause comment. 
4t Here we kave under consideration an oil 




l&eU wkcre tke strata ftaiiJf at tudi a pitcb tkat 
it is eoBsiJeraUy nearer vertieal tkaa liorizoiital 
tkroutfliout die fieU; tlie fieU eztenJiog, not 
witk tke strata, but obKquely across it; a nar- 
row belt ol oil producing territory witL skallow 
wells andl oil outcroppings on one nde^ ilenoting 
tke outcropping ot tke oil korixon, uritk gradual- 
ly deepening 'wells towards tke otker side mrkere 
tke field is defined ky tke Kmitation of deptk, 
tke cost and time of drilling tke deep wells keing 
keretofore prokikitiTe. 

4L It must ke admitted tkat tkis is a very diffi*^ 
cult mafter to descrike comprekensively to tkose 
yfAkO kave keretofore not given it muck adention, 
and people generally kave somekow^ got tke no* 
tion tkat oil is a concomitant of certain individ- 
ual strata, and must necessarily occur in connec- 
tion witk tkose strata and noinrkere else, and it 
must ke confessed diat it does appear so in an oil 
country like, for instance, ixrestem Pennsylvania, 
virkere, sometimes over an extent of tw^enty or 
diirty miles tke oil is confined to one or two 
well defined strata, wkick can ke unmistakakly 
identified for tkat distance; ko^pvever, if tke ok- 
server will view in perspective 100 or 300 miles 




of tkat eoiuitry, lie mu«t note tkat tiie oil-eon^ 
taining korixon aa a ^wkole Joei not conform to 
tke plane ot ftratification. 

^ Now^ iw'liat does tLu orderly, I 'will not iay 
regular, non-conformity ol tlie oil korison to tke 
plane of rtratilication sig!nify? Juet tkia, it giv€9 
ua tke key to tke origin of tke oil, to ita distilla'- 
tion from kelo'w ky tke keat in tke eardi, and 
its final depoeition in ita original iaogeotkerm, or 
plane of equal keat^inrkick w^ould rarely or never 
ke in exa6t conformity witk tke plane of atrati* 
fication, and aa tke region alowly emerged from 
tke kot deptka, and die milea of atrata akove ke* 
came worn a'way, tke atrata continued ita tilting, 
uaually on tke aame order it kegan, until tke oil 
korixon itaelf kecame contorted and dipping, 
tkougk uaually not wo greatly aa tke atrata. 
4L The oil at Wkiftier all occura in tke regular 
Puente aeriea of formation, compoaed of akalea, 
aanda, and conglomeratea. Beginning generaHy 
at tke kaae of tke killa, and extending aoutk, ia a 
muck later formation, reating unoonformakly up* 
on tke Puente. At tke Leffinginrell ranck tkia 
newer depoait extenda into tke killa in a kody of 
aeveral kundred acrea, witk tke koftom of tke 




eanyoni eu&ing tkrougk in places into die Puente 
•eries, 'vkicL i« notioeably different, even to a 
novice. At several otker places tkere are <le* 
tacked patclies of tke later formation, wliick liave 
§o fat escaped complete denudation. 
4L Tkis mailer of more tkan one series of de^- 
posits, kowever; ib of Kfile interest or value to 
tke oil man, for tke lines of demarkation mapped 
out ky geologists, separating tke supposed serial 
deposits ^tk tkeir fanciful names, (generally kor- 
rowed from far away Britain), is no karrier 
inrkatever to tke cnrderly course of tke petroleum, 
and coal and perkaps otker korisons, wkiok, 
scorning suck insignificant okstacles, keep rigkt 
on into and tkrougk many named deposits. Even 
truly separate series resting unconformakly up* 
on eack otker, providing tkey kad reacked suf«* 
fici^nt suksidence, exert no influence wkatever 
upon tke orderly course of tkose korixons* 
4L Tke continuation of tke WkiAier field, or 
ratker tke outcrop, is in an E. S. E. direction, 
along tke Puente kills, and, inrkile tke "wkole oil 
korizon does not outcrop— portions continuing 
over tke summit "wkere tke kills are lo^irest— it 
outcrops sufficiently completely, to form a line of 
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iiecpaget to beyond 01iii^« alxmt fifteen milfia. 
^ TliM outcropping represents tbe ed^e of an 
tmmense oil fieU wkicli \kma keretolore been con- 
mdertJi too deep' to ducceialully o»perate to any 
great extent, exc^t near tke outcrop; \irliick if 
eomevi^Lat irregular, o^iong to its non«con{orniity 
"witk tke steeply dipping outcropping strata. 
Tkese strata as at WkiAier, trend east and west 
tke iwkole distance, -wkile tke line of seepages 
along ^tk tke groups oi wells at Wkiftier^ 
run S. E.; a few miles S.' E. oi diat point, 
kend more easterly, and continue akout E. S. E. 
to Olinda, keing considerakly out oi conformity 
witk tke kedding tke "wkole distance. 
^ Recent development, in closing up tke gaps 
kebpireen tke groups oi . producing wtUs, kas a 
tendency to skow tkat wkat was apparently u 
succession of ol^erlapping oil strata a tkousand or 
W} feet apart, witk karren strata ketween, is 
really a practically continuous outcrop of die 
wkole oil korixon, altko some^Hrkat irregular, ow- 
ing no doukt to ike irregularity of porous strata, 
in wkick only, tke oil can occur, and iKrkick is 
aksent at points along tkis grand outcrop. 
4L ^^ otker oil fields in California tkere are 




9om€vA%Bt Kke conJitioiu, tke oil korizon riainf 
abruptly from a tfrcat d«pA, anci auteroppiiif m 
atecply dipping 0trata, die poronty ol die oil 
sas^ not bein^ very eontmuoufl or perfiatent, 00 
tkat altKo iome ol tKe miiior oil dcponti kave 
been dettroyed by aurfaee water baving entered 
tbem, die near-by Jeponta are uninjureil. 
^ A remarkable leatnre oi tbu WkiAier^Pu* 
ente oil lieU i§ tke f^at divernty in tke ekar* 
aeter oi tke oil: eipecially in tke gravity, ^irkick 
rangea from a tarry iubatance too keavy to 
pump, up to 36 gravity (Baume.) It uaed to be 
tbougkt tkat tke kaeie oil waa very ligkt, and 
tkat die keavier oile kad become 00 tkrougk tke 
loM ol tkeir volatile conatituents, kut aince tke 
lield ia ketter developed, it appeara tkat tke U^t-* 
eat oila are tke loweat in tke oil korison, and aa 
a rule tke keavieat are kigkeat in tkat korixon. 
It aeemed diHieult at lirat to lormulate auck a 
rule, keeauae, inrkere tke oil korizon cut diagon- 
ally acroaa tke edge oi tke ateeply upturned 
atrata, tke diHering oila aeemed to be aandwicked 
in tke oil korixon in a be^Krildering manner, but 
it ia now plain tkat tkoae depoaita tkat are eon- 
ined to tke W. E. aide, or underaide ol tke oil 




horizon^ are always muck ligkter and more val* 
uaUe tkaa tke more persifCent Jcpoeite tkat cut 
clear acroee tke oil koriaon, and tke very tarry 
oil ia confineil to die top oi tke oil containing 
korizon. In fact, in nearly every ^virell in Cali* 
liomia, traces, or email ekowinge of tar are en* 
counteredi, ueuaUy many kumlrede of feet akove 
tke main kodiee of oil, and operator* generally 
kave learned to pay no afiention to iuck Jiowinge, 
ae tkey are usually of no great extent. Tke 
very ligkt oil deposits also, are generally of limit* 
ed extent, and tke wells rarely kold up as well as 
dkose of medium gravity. It must not ke as* 
sumed, kowever, diat kecause a strata yields a 
very keavy oil, tkat deeper drilling v^ill neces* 
sarily develop a deposit of ligkt oil immediately 
under, altkougk tke ckances are suck as to ke 
well ^irortk tke cost of making an extra tkousand 
feet of kole, wkere tkere is a eonsiderakle area 
to be proven. In otber C«H£oniia oQ field, it 
is also recognized tkat ligkt oils are most 
to ke found lower tkan tke keavier 
kut tke practise of classifying eack 
level at wkick oil is found, as a separate 
oil ^^korizon, ** kas confused tke mafier. 




^ People wlio oVjcct to die sulMidenee, or iao^ 
^eotkerm bypotkena of petroleum ori|fui, refer 
to tke enormous • wttount oi depont it 'wovli ne- 
ceseitate akove tke petroleitm zonea ia order 
to secure tke neceMary keat to properly distill 
die product found tkerein, and aA for proof tkat 
tkere ^irere two or tkree aiilei or 90 of deposit 
akoye it. 

^ At^sereral places ia California^ aotakly in tke 
Coyote Hills district, it is more tkan 4%000 fe^ 
to tke oil; and tke only reason it is not found 
deeper at otker. places is okviously kecause tkat 
is close to tke practical limit tkat can ke reacked 
witkout an outlay of cost ^nrkick would ke pror 
kikitive. Indeed it is only tke last few years 
tkat it kas keen considered practicakle to tfo more 
tkan kalf dutt distance in CaKfomia, and "wells 
of 4000 feet, cost on an average, at least tkirty 
dkpusand dollars. 

^ Tke strata, wkere it is cut into, 4500 feet 
akove tke oil, kas tke same general appearance 
and texture, as it kas in tke oil korizon, or ke^ 
low^ it. Tke inference is, tkat if tkere kad not 
keen several times diat muck superincumkent de- 
posit at tke time, of maximum subsidence, tke 




fcrcnce in texture in tliat 4500 feet of strata 
iv'ould l>e notieeaUe. Tken tKe temperature at 
4000 feet cieptL, ib in tke Coyote fieU« about 
170^. F. ^wkicK "virouU amount to aI>out one 
degree increase for 40 feet. Tke deposit is 
tertiary and die universal doiudation must kave 
been very great, as in suck a friable formation, 
die rate of elevation would Kardly muck exceed 
tkat of den u dation* 

4L Svt ^^irkat is especially ^^nrortky of our atten- 
tion is tke enormous amount of denudation tkat 
^would occur in suck a formation, kefore it 
emerged akove tke surface of tke ocean. Indeed 
it never w^ould kave so emerged, containing tke 
oil korizon intact, kad it not been protected by 
immense masses of coarse flinty sand, tke siftings 
from tke tkousands of feet of denuded superin-- 
cumkent strata; and tke like masses of similar 
sand tkat every-wkere protect tke emerging 
keackes, give eloquent testimony to diis univer- 
sal denudation by die ^iraves. Nature in ker 
destructive operations, takes no account of eco- 
nomic values,and it seems tkat recently formed oil 
strata like tkose of California, tkat kave not kad 
rient age to karden tkem, are as often as 
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not; entirely cut to pieces by die ^rwve eronon 
in tLeir emergence. Examples or m^ oil liori- 
xoB eroeioB can m witnesMa mt Point FimuB, 
asJ Summerlaiul; anti tke iborc of tKc Pacific 
(or knaJreJs of milei ia littereJ '•ntb aplaaliet of 
•apbaltum andt parafinc. tbat coma from die ero^ 
ed bottoni. 
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^ MiUtona of dollars have been newUcMly 
w^aeted in drilling futile exploration \^ell« in tbe 
last 60 years, in insistent attempts to find oil in 
strata tbat -were auppoaed to correlate widi strata 
dtatare oil bearing in a distant locality, but ivlucli 
are entirely out of tbe oil containing bortson. 




ThoBt error* are made nuMtly -wkere tke oil 
fieUU are hemg developed in tLe direetion oi dip 
oi die strata, iHrLere tke oil koriaon generally 
paesea gradually Irom a lower, to a kiffker etrati- 
grapkical plane. For inetBace, ^irliere tke oil is 
obtained at/eay 1000 feetdeptk, and it i« known 
tkat at 3000 feet deptk, would ke encountered 
strata, diat correlated inridi oil containing etra^ 
ta in a distant locality. Parties frequently sink 
wells to tke low^er level, virken tkat great deptk 
virould ke entirely out oi tke possikle oil contain* 
ing korizon for tkat locaKty. Tkis kas keen go* 
ing on ever since tke "writer ^was a koy, and ke 
never keard of an instance -wkere suck a venture 
was suocess(uL 

4L After going a few kundred feet keloiv tke 
known oil containing aone, die ckance of en* 
countering oil is less viritk every foot drilled, re* 
gardless of kow prolific tke strata are elsewkere. 
C Tke tfTMt imtfuWty ol tlie ooeurrenee of 
petroleum in it^s koriz<ms, and it s tendency to 
occur in extremely proKfic deposits on or near 
tke summits of anti*clines, may be accounted for 
in tkis wise. As tke keated strata suksided, and 
was keing ^^skimmed** of its volatilized, carkon* 




aceoiu aiui otker matter, tke volatilized mat- 
ter tliat -was to form tke petroleum, ^wouU en* 
counter certain etrata 'wliicli "wauUi offer more 
re^ietenee to its progreM upward tlian otKer etra* 
ta, and it inrould develop a tendency to ioHorw 
lines oi least resistence up under die skelvin^ 
strata, tbus tfatkering it constantly towards tke 
apex of tke anti-dines, or towards a region oi 
less vertical resistence. 

^ Tkere are cases, on tke edtfe ot large sedi'* 
mentary areas, wkere quantities oi oil kave keen 
found akutting on, and over granitic masses. In 
Placentas Canyon, near Newkall, CaKfomia, oil 
kas keen found in small quantities wkere tke 
wells were started in granite. Possikly tke 
granite kad keen elevated, and tilted over atop 
of tke steeply dipping sedimentary strata "^p^kiek 
is near at kand. ^ 

4L The volatilized matter tkat formed coal, 
seemed to kave more affinity for finegrained im* 
pervious strata, wkere it generally finally lodged, 
and -wkick would offer Kttle resistance to its up- 
ward movement, consequently, coal is found to 
occur muck more evenly, and continuously in it*s 
individual deposits or keds. 



